Comparison of Radioisotope and Ultrasoulnd Scans ofthe Thyroid
Although ultrasound has been used for many years and applied to many different diagnostic problems, it has only acquired general acceptance in obstetrical, cardiological and renal investigations. In other applications, such as in the investigation of the liver, radioisotope techniques are more widely used since they can be carried out by nonmedical staff and so far have been more accurate (Leyton et al. 1973) . However, recent developments in ultrasonic techniques have shown that structures of the order of 2 mm can be resolved (Taylor et al. 1973 ) enabling detail in the liver to be shown which would be impossible by radioisotope techniques. In other situations, such as in the investigation of the kidney or the thyroid gland, ultrasound can be used to provide anatomical data while radioisotope methods provide data on the physiological status of the organ. Thus, when used in this way, isotopic and ultrasonic examinations become complementary investigations, for example in determining the nature of cold areas on a radioisotope scan of the thyroid gland.
Previous authors have demonstrated that solitary nodules in the thyroid can be delineated by ultrasound and have shown that solid and cystic lesions can be differentiated using conventional B-scanners (Yamakawa 1966 , Damascelli et al. 1968 , Fujimoto et al. 1967 , Rasmussen et al. 1971 , Miskin et al. 1973 . Such scanners were built predominantly for obstetrical use and do not display normal glandular tissue, making the differentiation between benign adenomata and malignant tumours difficult or impossible (Rasmussen et al. 1971 , Thijs 1971 , Miskin et al. 1973 ). Further, lesions less than 1 cm in diameter cannot be satisfactorily resolved. However, the combination of more sophisticated signal processing and a better display system greatly improves the resolution, enhancing the ability to distinguish between benign and malignant lesions.
The equipment used in the preliminary work reported here differs from commercially available apparatus in the selective amplification of the low level echoes which originate from the internal structure of an organ. The large echoes from the surface of organs are compressed so that the whole range of echoes can be displayed within the limited dynamic range of the display oscilloscope. The resultant grey scale echogram is so called because the amplitude of the echo is represented by the shade of grey. Since all echo amplitudes are represented in a single scan, the images at varying gain settings normally required to diagnose a cystic lesion are unnecessary. The principles involved in grey scale imaging have been described by Kossoff (1974) and their use in relation to the diagnosis of malignant lesions in liver has been reported by Taylor et al. (1973) . raster. The whole area can be scanned to produce transverse tomograms at one-millimetre intervals.
The complex skin contour of the neck, the use of a rapid mechanical scanner and the advantages accruing from placing the target in the focal plane of the transducer all demand the use of an intervening water bath. The bath is filled with degassed water and coupled to the skin with a layer of mineral oil. The transducer is positioned so that the thyroid lies within the focal plane of the transducer. One pass of the transducer rapidly completes one scan. It is then stepped distally one millimetre and the process repeated. Permanent records can be made on Polaroid or 70 mm film from a non-storage oscilloscope tube. is essential to enable recognition of lesions by replacement or distortion of the normal structure. The appication of these principles to the ultrasonic examination of the thyroid gland should permit the reliable differentiation between normial l glandular tissue, malignant and cystic swellings.
Methods
Since the thyroid gland is such a superficial organ, sound attenuation is not a p-roblem, per---.
mitting the use of a relatively high frequency for optimal resolution. The apparatus used in this work is also employed for breast and testicular scanning and for all these applications a frequency of 4 MHz is suitable. The data are R obtained by a transducer weakly focused so that the effective beam width is about 2 mm. ejs Fig 3 A, B , two ultrasonograms through the upper and implies a lateral resolution of that order while the lowerpart ofan enlarged toxic thyroid gland; the axialpresolution is less than a milUmetre. The lateral lobes are seen deep to the sternal mastoid axial resolution is less thanda millimetre. The muscles. A small coiloid cyst C is barely resolved transducer is moved mechanically in a rectilinear in the corresponding isotope scan (Fig 3c) Section ofEndocrinology   Fig 4 B , isotope scan ofthepatient with a hard mass involving the right lobe ofthe thyroid. There was reduced activity which raised suspicion ofmalignancy. c, corresponding ultrasonogram shows an anechoic area labelled (C) which is due to afluid-filled cavity confirmed in the A-scan in Fig 4A The radiosotope scans were obtained on a Selo DS7 Scanner after a tracer dose of 131I or 99Tcm pertechnetate.
Results
The normal anatomy of the thyroid gland and its relations is shown in Fig 1. Fig 2A shows a typical ultrasonogram of the thyroid. A small anechoic area on the left side of the isthmus indicates the presence of a cyst (C) in that position. Simultaneous examination of the A-scope display confirmed the absence of echoes in this area. The normal radioisotope scan for the same patient is shown in Fig 2B, with the palpable nodule rather inaccurately marked. Fig 1 can be best compared with Figs 3A and B which show two ultrasonograms through the upper and lower part of a toxic hypertrophied thyroid gland. The trachea (T) is seen in the midline throwing a shadow behind it due to its contained air. The lateral lobes are well seen limited laterally by the sternomastoid muscle. The skin and investing layer of fascia are well demarcated. Posterolateral to the lobes of the thyroid one can see the vessels contained in the carotid sheath. A section through the lower part of the gland reveals a small cystic cavity (C) which in retrospect was seen on the accompanying radioisotope scan (Fig 3c) .
The radioisotope scan of a patient with a hard mass in the right lobe of the thyroid is seen in Fig 4B. The area is relatively inactive raising the suspicion of malignancy. The corresponding ultrasonogram (Fig 4c) shows a 2 cm cystic lesion which contains virtually no echoes on the A-scan (Fig 4A) .
Figs 5A and 5B are the ultrasonogram and radioisotope scans respectively of a patient with a toxic multinodular goitre. The radioisotope scan shows a very large cold area with irregular uptake of isotope in the isthmus and lower part of the right lobe. The ultrasonogram shows that the cold area contains some glandular structure, a feature against malignant or cystic change. A typical malignant tumour is shown in Figs 6A and  6B . On the radioisotope scan a large cold area is seen corresponding to a palpable mass while the ultrasonogram shows a relatively homogeneous area with very low level echoes replacing the entire left lobe of the thyroid. The right lobe of the thyroid can be seen to be completely normal Such very low level echoes are typical of malignancies derived from lymphoid tissue. This mass proved to be a lymphosarcoma.
.v.: . F . . R I _ ' ' | # # . . ' , 9 P ! . . . . & * . _ * a Fig 5 A, ultrasonogram, The value of the measurement of exchangeable iodine in the thyroid gland is widely accepted and the technique of its measurement (Nodine et al. 1957 ) is well known. The clinical value of the measurement of total intrathyroidal iodine is potentially considerable, and this report outlines a method which has been developed for its measurement.
The technique, based on in vivo neutron activation analysis, employs a suitable beam of neutrons for the irradiation of the front section of the neck. The iodine-128 radioactivity induced in the thyroid gland is subsequently measured using a high sensitivity external monitor. Comparison of the counting rate with that from mock thyroid glands, contained in appropriate neck phantoms and treated identically, provides a measurement of the total iodine content of the thyroid.
In developing a technique of in vivo activation analysis there are several important factors which require detailed consideration and evaluation:
(1) Activation: With the range of biological variations encountered, comparison with phantoms is justified only if there is an acceptable level of uniformity of activation. In the case of sequential studies, however, it is sufficient to ensure that reproducibility of the activation parameters is maintained between successive measurements. Also, the incident neutron spectrum should be selected to minimize, where possible, the production of interfering isotopes.
(2) Monitoring: High sensitivity monitoring equipment is necessary to detect the very low levels (generally nanocuries) of induced activity. It is evident that detector size governs the overall sensitivityper unit dose and also the uniformity attainable for detection, which must satisfactorily accommodate the expected biological variations. In sequential studies, again, reproducibility between successive measurements will suffice.
